Introduction
A conserved set of receptors called pattern-recognition receptors has immense importance in the innate immune system. A role of Toll like receptors (TLRs), members of mammalian pattern-recognition receptors, has been elaborated in recent years [1] [2] [3] [4] [5] . They are the key components of pathogen recognition mechanism initiating inflammatory responses brought about by microbes or microbial cell components 6, 7 . TLR family possesses 14 distinct members identified so far, expressed by epithelial and endothelial cells as well as leukocytes. TLRs are type-I transmembrane receptors composed of an ectodomains (ECDs), a short transmembrane region, and an intracellular signaling domain that shares homology with that of the IL-1 receptor 8 . TLR mediated cellular activation occurs following the recognition of specific microbial components by the ECD 8 . These receptors act as the sensors for viral, bacterial and fungal structures, for example, TLR3 recognizes viral dsDNA 9 , TLR7 and TLR8 recognize the ssRNA [10] [11] [12] , TLR5
triggers immune signal by detecting flagellin, and CpG DNA is a ligand for TLR9 13, 14 .
Toll like receptors focused in this study, TLR1, TLR2 and TLR4, recognize bacterial cell components. TLR2 has been shown to mediate the innate immune response to ligands derived from Mycoplasma, Borrelia, Treponema, Chlamydia, yeasts and parasites [15] [16] [17] [18] [19] [20] .
TLR2 and TLR4 are critical in the immune response to Gram positive and negative bacteria 21 . Indeed, TLR1 and TLR6 in association with TLR2 (TLR1-TLR2 and TLR2-TLR6 heteromers) recognize a variety of bacterial cell wall components [22] [23] [24] [25] .
Mutations in the coding region of human TLRs are linked with the altered PAMP recognition ability, signal transduction or innate immune activation in general 19, [26] [27] [28] [29] [30] .
Mutations in TLR1 gene are associated with the variantion in immune response to lipopeptides 27 , increased susceptibility to invasive aspergillosis 31 or impaired innate immune sensing of microbial cell wall components 32 . TLR2 and TLR4 gene polymorphisms are also often linked with increased risk to infections like tuberculosis 15, 33 , Mycobacterium leprae 34, 35 , pneumococci or malaria 30, 36 , urinary tract infections 37 and disease conditions like periodontitis 38 , acute rheumatic fever 39 and Crohn's disease 40 .
The aim of the study was to screen the ovine population for the mutations in TLR1, TLR2 and TLR4 genes, and to assess their possible association with MAP susceptibility.
Results

Presence of MAP in the sheep population
82 sheep (11.3%) were found infected with MAP, tested with ELISA as well as IS900 based PCR. MAP infected (n = 82) and non-infected healthy (n = 838) sheep were studied further for the presence of TLR mutations.
TLRs gene mutations and MAP infection
None of the earlier cited mutations in TLR2 and TLR4 (TLR2 -Pro681His, Arg677Trp, Arg753Gln, and TLR4 -Asp299Gly, Thr399Ile) were found in the sheep population. However, the sequence analysis revealed novel polymorphisms in ovine TLR2 and TLR4 (Tables 2 -4) . We found a novel mutation Phe670Leu in TLR2 gene in 56 sheep infected with MAP. 25% of the subjects carrying this mutation in heterozygous state (OR -4.5) and 7.6% subjects carrying this mutation in homozygous state (OR -1.1)
were MAP infected (Table 3) . Another mutation in TLR2 gene at the base pair 2037 (T to C) exchanging leucine against proline at residue 679 was found in 54 subjects infected with MAP. Both these mutations are located in highly conserved region of TLR2 gene near the known mutation Arg677Trp.
Novel mutation in TLR4 gene associated with increased susceptibility to MAP infection was located at the base pair T1066C exchanging phenylalanine against leucine (OR -1.64). Other mutations found in TLR2 and TLR4 genes in this study (Tables 3 and   4 ) had no association with the increased susceptibility to MAP infection.
Two mutations (Ser150Gly and Val220Met) in TLR1 gene were found in 74 subjects of that 32 sheep (43.2%) were MAP infected. Both these mutations were occurred simultaneously in all 74 subjects. Apart from these two mutations we found novel mutations in TLR1 at the base pairs: 418 (A to G), 431 (A to T), 508 (T to C), 601 (A to T) and 603 (T to C) ( Table 2 ).
TLR expression in mutant moDCs
Representative MAP infected sheep showing mutations in TLR genes (n = 6 per mutation; mutant moDCs) and healthy sheep without TLR mutations (n = 6; wild type moDCs) were targeted for TLR mRNA expression. We observed increase in the TLRs expression by 3-6 folds in activated moDCs compared to the non activated control moDCs (data not presented). However, when mutant and wild type moCDs were challenged with LPS or MAP whole cell lysate, the antigen dependent induction of TLRs was not observed (P>0.05; Figure 1 ). Expression of β-actin was unchanged throughout the TLR mRNA expression experiments (data not shown). We also present LRR motif structure of TLR4 ECD spanning earlier described TLR1 ECD is consists of 20 predicted LRRs which take part in the mycobacterial PAMP recognition 60 . The central region of the extracellular domain of human TLR1
(LRR 9 to 12) is necessary for the sensing of bacterial lipopeptides 32 . We (unpublished data, bovine TLR1 LRR motif analysis) and others 54 have found that the central part of TLR1 ECD (LRR9 to LRR 11) is more irregular and prone to missense mutations. In this study a novel mutation Val220Met was observed in LRR10 motif at the 9 th amino acid position ( Figure 3A) . The presence of methionine in this position may disrupts hydrogen bonds in the LRR loop structure that may cause the reduced recognition of PAMPs 54 .
The association between mutation at 9 th amino acid position in LRR motif and poorlydifferentiated gastric adenocarcinomas was reported recently 61 . The increased incidence of MAP infection in sheep bearing Val220Met mutation (43.2%; OR -9.08; Table) was also observed in this study. Significant reduction (P<0.05) in the cytokine response to or Arg753Gln mutants [62] [63] [64] [65] [66] [67] [68] . Other crucial residues in TLR2-TIR domain (713Ser, 730Asp, 748Arg, 749Phe and 752Leu), were reported previously 64 .
Mutations in extra-LRR region may also impede the pattern recognition. 3D structure of the TLR ECD has demonstrated that LRR forms a loop and the juxtaposition of several loops produce solenoid-like structure 54 . The LRR consensus motif forms the inner core of horseshoe structured ECD, while extra LRR regions forms convex surface.
Irregularities and/or mutations in convex surface, for example mutation in 4 th residue downstream from LRR motif, may affect PAMP binding onto the TLR horseshoe. The well known human TLR4 mutation, Asp299Gly, is one of the best examples of the mutation at 4 th residue downstream from LRR11 ( Figure 3B ).
In summary, novel mutations found in TLRs in this study might be the potential risk factor that increases the susceptibility to mycobacterial infection. also included in the study. In this way we assured the equal probability of MAP infection on the studied animals. The animal history was recorded and 5-10 ml of the blood (in duplicate) was collected for the serum and buffy coat separation.
Materials and Methods
Animals
Detection of MAP
Animals were screened for the presence of anti-MAP antibodies in serum as well as for the presence of IS900 element of MAP in the buffy coat. Antibodies were detected with Pourquier ELISA paratuberculosis kit (Institute Pourquier, France, http://www.institut-pourquier.fr). IS900 based nested PCR for MAP detection was designed as described previously 41 . The method, sensitivity and specificity of IS900 based PCR are discussed in detail in our previous work 41 . On the basis of PCR and ELISA results, animals were grouped into MAP positive and negative cohorts, and cohorts were subjected to mutation detection in TLR genes.
Construction of primers and PCR for amplification of TLR gene fragments
Ectodomain (ECD) of the TLR1 was targeted for mutation detection. Primers 
Single strand conformational polymorphism analysis (SSCP)
Briefly, 5 µl of amplified product was mixed with equal amount of loading dye (98% formamide, 10 mM EDTA, 0.025% bromophenol blue, 0.025% xylene-cyanol), subjected to denaturation at 95°C for 10 min and then cooled rapidly on ice. Denatured single-stranded amplimers were loaded onto 6% acrylamide/bisacrylamide (37.5:1, v/v; Bio-Rad) gels. Electrophoresis was performed using 200 V at 8°C in 0.5% TBE buffer for 20 hours in the electrophoresis chamber (Ingeny, The Netherlands). Gels were silverstained. Samples were grouped based on SSCP profiles by using Gel-Scan software (BioSciTec, Germany).
DNA Sequencing
Representative samples from each SSCP genotype were sequenced on an Avant3100 sequencer (Applied Biosystem). The sequences were aligned, then checked for mutations and validated using SeqScape v.2.1 software (Applied Biosystem). Sequences were submitted to the GeneBank (USA) under the accession numbers EF681961 to EF681970.
The SNPs were submitted to dbSNP (Genebank) database under the accession numbers:
76880840 to 76880850 and 76878648 to 76878669.
In-vitro treatment of moDCs with LPS or MAP whole cell lysate
Representative sheep (n = 6 per mutation) carrying mutations in homozygous state and associated with MAP infection (depicted in tables 2 -4) were included in this phase of the study. Healthy subjects (n = 6) without TLR mutations in TLR were served as controls. Monocyte-derived dendritic cells (moDCs) were generated from peripheral blood mononuclear cells as described previously 42 in Nunc 6-well tissue culture plates (approximately 5 x 10 5 cells/well in 2 ml of cell suspension). moDCs were either treated with 100µl of LPS (1g/ml; Sigma) or 100 µl of MAP whole cell lysate (~ 890µg/ml of protein concentration). As a negative control (no cell activation) moDCs were kept untreated. Cells were incubated at 37°C for 4 h in 5% CO 2 incubator, washed and total RNA was extracted using Purezol RNA isolation kit (Bio-Rad). Complementary DNA (cDNA) was synthesized by using iScript cDNA synthesis kit (Bio-Rad). The cDNA was used for real time PCR to examine the effect of treatment of moDCs on cytokine and TLR mRNA expression. moDCs with the mutations and without mutations are designated as mutant moDCs and wildtype moDCs respectively in this report.
Real time PCR for quantification of TLRs and cytokines mRNA expression
Primers used to amplify cDNAs of the TLRs, cytokines as well as house keeping gene are depicted in table 1. PCR reactions were carried out in triplicate by using iQ SYBR green super mix Kit (Bio-Rad). All PCRs were followed by melting curve analysis (iQ5 thermocycler, Bio-Rad). Melting curve analysis was used to confirm the amplified product purity (confirmation of no non-specific amplicons). Gene expression and comparison was performed using iQ5 software (Bio-Rad).
In silico ovine LRR motif analysis
Ovine TLR nucleotide sequences obtained in this study were aligned by the ClustalW multiple alignment method (DNASTAR software), translated into putative amino acids and consensus sequences were obtained (BioEdit software). LRR motifs were outlined according to the method described earlier 43 using PFAM and SSpro4.0 servers 44 .
Statistical analysis
Possible linkage between mutation in TLR genes and increased MAP infection in cattle was calculated by Odd's ratio (OR) (Win episcope software). Footnote for tables 2 to 4 1 The first value in the parenthesis indicate percent animals infected with MAP that carries given point mutation, the second value (bold-italics) is the odd ratio (OR) indicating the possible linkage between point mutation and increased susceptibility to MAP infection. 
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